Five (GT./ CA)n microsatellite loci were isolated from a size-selected genomic library of red sea bream (Paqrus major). Primers for PCR amplification were constructed for the microsatellite loci and the loci characterized by screening polymorphisms in three wild populations of the red sea bream. All loci displayed a high degree of length polymorphism, as observed in the total number of alleles per lo cus (16-32), and a high degree of heterozygosity ranging from 0.675-0.907. Distinct differences were ob served among three wild populations of red sea bream collected from coastal waters of Japan, both in the average number of alleles per locus and the frequency distributions of the alleles.
For the past 20 years, population structures of various fish species have been studied by isozyme analysis." Although, isozyme polymorphism has been useful as a marker for the identification of fish species and separating geographically isolated populations, it is not sufficiently sensitive for genetic analysis of geographically proximate subpopulations or populations which have experienced bottlenecks. 5) Multilocus DNA fingerprinting has been shown to ex hibit a much higher sensitivity,6,7) shows Mendelian inheritance, 6 ) and has been used for determination of parentage, identification on the individual level and for identification of clonal lines.8) However, this method has limited application to population genetics because of ex pense and technical difficulty in interpretation of the results. Locus assignment and segregation, can not be made because of the possibility of comigrating bands. For the same reason, band sharing analysis leads to an under estimation of separation of populations. 9) Microsatellites, which consist of tandem arrays of di, tri, or tetra nucleotide sequences, flanked by regions of unique DNA sequences10-12) have been shown to be highly polymorphic particularly in fish.13) Microsatellites can be directly amplified by polymerase chain reaction (PCR), and the alleles separated and accurately sized on acrylamide gels as one or two bands. The high variability and ease and accuracy of assaying microsatellites make them the marker of choice for high resolution population analysis.14)
In the present study, we report the isolation and charac terization of five microsatellite loci from the red sea bream Pagrus major, and the suitability of these loci for practical use in fish population analysis. We also present the results of cross hybridization of the five loci developed for red sea bream on five closely related species of Sparidae. 
Detection of Microsatellite Loci and Their Polymorphism
Positive transformants (repetitive AC/GT containing clones) selected with (GT)15 were sequenced, an example is shown in Fig. 1 . Five (GT)n or (CA)n microsatellite loci, with sufficient flanking sequences were identified, and primers were designed from the unique flanking sequences (Table 1 ). Figure 2 shows amplified products from the Pma 4 locus relative to the M13 sequence ladder. Primer sequences, annealing temperature, number of alleles, am plified product size range and heterozygosities for the 5 loci are summarized in Pma 1 had the lowest variability of the five loci, Pma 2 and Pma 3 were the most variable with similar polymorphism in both allele number and heterozygosity. Pma 4 had the most alleles but the observed heterzygosity was low (0.711). Pma 5 had the least number of alleles and the narrowest size range of amplified product size, however, observed heterozygosity was as high as that ob served in Pma 2 and Pma 3.
Preliminary Analysis of Samples from Three Locations with Five Microsatellites
Allele frequencies for the five microsatellites in samples of red sea bream from three different locations are shown in Table 2 . At locus Pma 1, the major allele 115 by had fre quencies between 0.571 and 0.682 in all three sample sets.
At locus Pma 2, allele frequencies were overall low with the most common allele only having frequency range of 0.100 to 0.133. The other loci were somewhat intermediate with the major allele having a frequencies at about 0.200 to 0.300 of particular note is the lack of band sharing, among the sample groups, at locus Pma 4.
The number of allele, amplified product size range (bp), and heterozygosities of five microsatellite loci in the three sample populations are shown in Table 3 . The mean num bers of alleles, and observed and expected heterozygosi ties, were lowest in Kochi and highest in Fukui. The ratio of observed and expected heterozygosity (Ho/He) were low in Kochi and high in Fukui. The observed hetero zygosity of Pma 4 was significantly low in Kochi in com parison to it's estimated value and with the observed hetero zygosity values for this locus at the other locations.
Application of PCR Primers of Red sea bream to Different Species of Sparidae
The primers for the five red sea bream microsatellite loci were tested for cross hybridization to the closely related species E. japonica, D. tumifrons, S. sarba, A. Shlegeli, and A. latus. The observer electrophoretic banding pat terns were classfied as either polymorphic, monomorphic, or no product, under the standard PCR amplification con ditions (Table 4) . Pma 1 amplified a homologous poly morphic product from all species, Pma 4 amplifized products from all species but A. latus however the product was monomorphic in A. schlegeli and while polymorphic in D. tumifrons the allelic distribution suggested the presence of null alleles (data not shown). Pma 2 and Pma 3 amplified product from E. japonica and D. tumifrons with the suggestion of a null allele from Pma 2 in E. japon ica (data not shown). Pma 5 failed to amplify the product from any of the species tested.
Discussion
Microsatellites have become a powerful tool, for specific applications in population analysis18,19) in genetic manage ment of aquaculture stocks20) and in stock enhancement in natural environments21) and may be useful in population analysis for species that show low overall levels of varia tion with conventional markers, and populations that are inbred or have experienced severe bottlenecks.5)
The variability observed in microsatellite loci was much higher than that of allozymes in the wild red sea bream population. Taniguchi and sugama22) surveyed 16 allozyme loci using 935 individuals of 9 lots from coastal waters of Japan and 2 lots from East China Sea. They found an average 3.1 alleles per locus. In this study, microsatellite loci had an average of 22.4 alleles per locus, although the number of individuals sampled was only 45. The high level of length variation found here is similar to that found in other fish species13) and as such these microsatellites may be useful for population analysis such as geographical divergence of wild populations, and monitoring of genetic change in hatchery populations in red sea bream.
In the comparison of the 3 sets of samples, the genetic variability tends to be relatively low in Kochi and high in Fukui. The heterozygosities for Pma 1 and Pma 4 were relatively low in Kochi samples (0.455 and 0.467 respectively). Table 3 .
Genetic variavility of five microsatellite loci in three lots of red sea bream The value for Pma 1 correlates well with the expected heterozygosity, however the value for Pma 4 is much lower than expected and must at this time be viewed with caution and a further analysis should be carried out to determine if there may be a null allele present in this population. The number of samples was small in each locality in this study, so that, further detailed analysis must be carried out using much larger sample sets to accurately evaluate genetic changes in natural populations affected by artificial factors in the coastal waters of Japan.
The 5 sets of primers for microsatellite of the red sea bream were tested for cross hybridization of closely relat ed species. Utility of the primers was different by species and by microsatellite locus. The number of primer sets that could amplify products was higher in the more closely related species to the red sea bream. This phenomenon being similar to observations made based on morphologi cal taxonomy, isozyme analysis22) and RAPD-PCR analy sis,231 and may reflect the level of conservation of flanking sequences relative to species divergence. The results indi cated that the primers of the species of origin are also applicable for population analysis of the closely related species and will greatly reduce the time and cost for de veloping primers for the related species. These microsatellites will be widely used in further sub population analysis and monitoring genetic change of brood stocks input and take for fisheries and aquaculture, depending on their highly polymorphic nature and the low cost and convenience of PCR analysis.
